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Abstract

Cancer-associated fibroblasts (CAFs) have been considered as major players in tumor growth and malignancy. In colorectal
cancer (CRC), CAFs are attendance in high affluence and little is known about how they impact tumor progression. An increasing
number of studies indicated that dysregulation of human urothelial carcinoma associated 1 (UCA1) is associated with progression
of tumor and metastasis in various cancers including CRC. Nonetheless, the possible mechanisms of UCA/ actuation in CRC
remain poorly understood. To address this, we elucidated the effects of conditioned medium from SW480 CRC cells/Normal
fibroblast co-culture (CAF-CM) on UCA expression, and the cell proliferation, EMT, invasion and migration of the treated CRC
cell were evaluated in vitro. Our study indicated that CAFs dramatically stimulated cell proliferation and migration of CRC cell.
Furthermore, CAFs induced the EMT phenotype in CRC cell, with an associated change in the expression of EMT markers
including vimentin, E-cadherin, N-cadherin and metastasis-related genes (MMPs). Moreover, we found an increased percentage
of CRC cell in the S and G2/M phase induced by CAFs. Our results revealed that CAFs could induce upregulation of UCA1,
leading to upregulation of mTOR. Up-regulation of UCAI/mTOR axis suppressed p27 and miR-143 while the expression of
Cyclin-D1 and KRAS were significantly increased compared with control. Furthermore, UCA/ silencing in treated CRC cell
suggested that upregulation of UCA [, which was induced by CAFs, regulates the expression of downstream key effectors. Taken
together, these results highlight the vital role of cooperation between IncRNA UCA I and mTOR in proliferation and metastasis
which support the hypothesis that CAFs may be a prominent therapeutic target of stroma-based therapy in CRC treatment.
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Abbreviations LncRNA  Long noncoding RNA
CAF Cancer-associated fibroblasts MMP Matrix metalloproteinases
CAF-CM  Cancer-associated fibroblasts NF-CM  Normal fibroblasts conditioned medium
conditioned medium gRT-PCR  Quantitative reverse transcription—
CRC Colorectal cancer cell polymerase chain reaction
DMSO Dimethyl sulfoxide UCAL Urothelial carcinoma associated 1
EMT Epithelial-to-mesenchymal transition siRNA Small interfering RNA
TFs Transcription factors
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World Health Organization (WHO) (Organization 2017).
Metastasis to lung and liver is the main reason of mortality
in CRC patients (Conti and Thomas 2011). Although progress
in screening tests, surgery and therapy options have substan-
tially decreased the mortality and incidence rate in last de-
cades, nevertheless the greater part of cases diagnosed with
metastatic CRC are yet cureless (Edwards et al. 2010).

Evidence from various high-throughput genomic platforms
has cleared that human genome is extensively transcribed and
larger part of transcriptome contains non-coding RNAs
(ncRNAs), including long non-coding RNAs (IncRNAs) and
microRNAs (Madar et al. 2013; Wang and Chang 2011).
Increasing number of studies indicated that IncRNAs play as
the master regulator in numerous vital biological processes in-
cluding tumor initiation, progression and metastasis or tumor
suppression in various types of cancers (Augsten 2014; Wang
etal. 2017a; Gandellini et al. 2015; Patel et al. 2016; Shiga et al.
2015). Urothelial carcinoma associated 1 (UCAI) was incipi-
ently discovered as an oncogene in bladder cancer (Wang et al.
2006, 2008). Recently upregulation of UCA! in multiple can-
cers including gastric cancer, hepatocellular carcinoma, glioma,
breast cancer, tongue and esophageal squamous cell carcino-
mas and ovarian cancer has been reported and proposed as a
predictive biomarker for cancers (Hong et al. 2016; He et al.
2017; Wang et al. 2017b; Fang et al. 2014; Xue et al. 2016).
Accumulating evidence has revealed an upregulation of UCA]
transcripts in CRC tissues and cells, which could direct cell
proliferation, cell cycle distribution, metastasis and inhibition
of cell apoptosis (Bian et al. 2016; Ni et al. 2015; Han et al.
2014). On the other hand, one of the downstream effectors of
IncRNA UCA is the mammalian target of rapamycin (mTOR),
and hyperactivation of mTOR signaling pathway has been re-
ported as one of the main causes of cell proliferation, EMT
(Epithelial-mesenchymal transition), migration and metastasis
in various cancers (Zhang et al. 2017; Cao et al. 2015;
Francipane and Lagasse 2014), converging the UCAI and
mTOR signaling functions in pathobiology of CRC.

Almost all researches on CRC in last decades were largely
centered on genetic alterations or epigenetic modifications of
malignant cell itself, on the contrary recent studies have sug-
gested that solid tumors are truly heterogeneous tissues and
interactions between cancer cells and tumor stroma have ca-
pability to induce the cancer initiation, development and ulti-
mately metastasis in CRC (Herrera et al. 2013; Armaghany et
al. 2012). Included in surrounding stromal cells, cancer-
associated fibroblasts (CAFs) are the majority cells in tumor
microenvironment and play a crucial role in tumor growth,
progression, metastasis, angiogenesis and immune responses
(Tommelein et al. 2015; Augsten 2014). CAFs was originally
described as a heterogeneous subpopulation of fibroblasts,
which are activated by tumor cells and display particular
markers that could be consider as prognostic biomarkers in
cancers (Paulsson and Micke 2014). CAFs secretome contains
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a wide range of factors inducing chemokines, cytokines,
exosomes and growth factors by which they influence cancer
cells and facilitate cancer-promoting processes (Han et al.
2015; Li et al. 2017).

To gain insights into the paracrine effects of CAFs on CRC,
we explored the impact of CAF-CM on proliferation, EMT,
invasion, migration and cell cycle distribution of CRC
(SW480) cell. Furthermore, to unveil the mechanism by
which CAFs exert these effects, we investigated the expres-
sion of UCAI as well as its downstream effectors mTOR,
cyclin D1, p27, KRAS and miR-143. Finally, we approved
the CAFs effects by knocking down of the UCA [ expression
in CAF-CM-treated SW480 cells.

Materials and Methods
Cell culture and fibroblast isolation

Human colorectal cancer SW480 cell line was purchased from
National Cell Bank of Iran (NCBI) and grown in complete
DMEM-high glucose (Gibco) supplemented with 10% fetal
bovine serum (FBS) and Penicillin- Streptomycin (P/S) solu-
tion (0.1 U/mL penicillin and 0.1 pg/ mL streptomycin)
(Gibco) at 37 °C in humidified air with 5% CO,. Human
colorectal normal fibroblast (NF) was established from human
non-malignant colon tissue as described previously (Soon et
al. 2013). The primary fibroblasts were maintained in
DMEM-high glucose with 10% FBS at 37 °C in a humidified
incubator containing 5% CO2.

Direct co-culture and Conditioned medium
experiments

To detect the paracrine effects of CAFs on SW480 cells, co-
culture conditioned medium was produced as described pre-
viously (Steinbichler et al. 2016). About 2 x 10* cells/ml NF
were seeded in 250 ml cell culture flask (Orange, Belgium,
Germany) and incubated overnight at 37 °C to allow fibroblast
cells to adhere. Afterward, SW480 cells were seeded on the
monolayer of NF. After 3 days, cells were washed twice by
PBS and cultured with fresh medium for 48 h, then the
Conditioned Medium (CM) was collected. Co-cultured-CM
was centrifuged for 5 min at 1300 rpm to avoid the presence
of any cells, then sterile-filtered and stored at —80 °C for
further experiments. SW480 cells were seeded in 12-well
plates (Orange, Belgium, Germany) at a density of 1.3 x 10*
cells/well in 1 ml DMEM glucose supplemented with FBS
(10%) and P/S and allowed to adhere overnight. Cells were
treated with CM, which was diluted twofold with fresh
DMEM with 10% FBS, for 4 days. SW480 cells grown in
DMEM-high glucose containing 10% FBS and P/S served
as a control.
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Total RNA isolation and expression analysis
by real-time PCR

Total RNA was extracted from SW480 cells using the TRIzol
reagent (Invitrogen Life Technologies) according to the man-
ufacturer’s protocol. RNA concentration was examined using
a Nanodrop ND-1000 (Nanodrop Technologies, ilmington,
Delaware, USA) and the RNA integrity was verified by
1.5% agarose gel electrophoresis. For each sample, 1.5 pg
of total RNA was treated with DNase / (Fermentase,
Lithuania) to remove any residual contaminating genomic
DNA. Single-stranded cDNA was generated using a
PrimeScript™ 1st Strand cDNA Synthesis Kit (Takara Bio,
Shiga, Japan) following manufacturer’s protocol. Real-time
quantitative PCR was performed by specific primers for target
genes or miR-143 using RealQ Plus 2x Master Mix Green,
High ROX™ (Ampliqon, Denmark) on an ABI Step One Plus
Real-Time PCR System (CA, USA). All of the reactions, in-
cluding the no-template controls, were run in triplicate and
final volume of 20 pl. Results were normalized with respect
to GAPDH and calculated using the AACt method. Changes
in gene expression were expressed using the 22" method.
The size of Real-time PCR products was confirmed by elec-
trophoresis in 1.5% agarose gels. U6 was used as an internal
control for miRNA.

RNA interference transfection

SW480 cells were seeded in 6 well plates at 6 x 10 cells/well
for 24 h. The transfection of SW480 cells was carried out with
4 specifically targeting IncRNA UCA1 siRNAs simultaneous-
ly (named as UCA1-siRNA) or negative control (NC siRNA),
siRNA with scramble sequence, using Lipofectamine
RNAIMAX (Invitrogen, USA) according to manufacturer’s
protocol. UCAI siRNAs were purchased from GenePharma
(Shanghai, China). After transfection, medium was replaced
with CAF-CM or carrier control. Cells were harvested for
further analysis after 48 h.

Western blot analysis

Cells were harvested and then lysed by protein lysis buffer
containing 20 mM Tris-Hel pH 7.4, 5 mM EDTA acid, 1%
triton X-100, 150 mM NaCl, 1% dithiothreithol and protease
inhibitor cocktail (Roche). Cell extracts were separated by
12% SDS-PAGE and transferred to a polyvinylidene
difluoride (PVDF) membrane. The membrane was blocked
with 5% skimmed milk in Tris-buffered saline polysorbate
20 (TBST) for 1.5 h at room temperature. Afterwards target
protein probed with corresponding primary antibodies against
mTOR, KRAS, p-p27se”0, E-cadherin, N-cadherin (Santa
Cruz Biotechnology, USA), Cyclin DI, p27 (BD
Bioscience, USA) and p-actin (Sigma-Aldrich, USA),

followed by incubation with appropriate secondary HRP-
conjugated secondary antibody for 1 h and finally subjected
to chemiluminescence. {3-actin protein was used as endoge-
nous control.

Cell Proliferation assay

Cell proliferation assay was performed using MTT (3-[4, 5-
dimethylthiazol-2-yl]-2, 5 diphenyl tetrazolium bromide) assay
(Sigma) and trypan blue staining. Briefly, SW480 cells were
harvested from exponential phase cultures growing in DMEM,
counted and seeded onto 96-well plates at the density of 9 x 10°
cells/well in 200 ul DMEM and allowed to adhere overnight.
Medium replaced with CAF-CM, NF-CM or CAF-CM +
siRNA and incubated for 24 or 48 h. Cells treated with an equal
volume of DMEM with 10% FBS or CAF-CM + NC siRNA,
served as controls and a group without cells served as the blank.
After indicated time intervals, cells were incubated with MTT
reagent (2 mg/ml) for 4 h and then solubilized with dimethyl
sulfoxide (DMSO). The optical density was measured in an
ELISA reader at 490 nm. For cell counting assay SW480 cells
were seeded into 24-well plates at 7 x 10* cells per well and
allowed to adhere for 24 h. Before adding assay media, cells
were starved with serum-free media for 24 h and washed briefly
in PBS. The cells then incubated with CAF-CM, NF-CM or
none for 24 h and 48 h. After trypsinization, viable cells were
counted by using trypan blue dye (Sigma-Aldrich Corp., St.
Louis, MO, USA) and a hemocytometer. Experiments were
performed in four independent sets containing at least four
biological repeats and expressed as mean + SEM.

Transwell migration assay

Transwell plates (SPL) with a pore size of 8.0 pm were used to
perform cell migration assay. Briefly, SW480 cells (1 x 10°/
well) were incubated with CAF-CM, NF-CM or CAF-CM +
siRNA and control medium for 48 h. The cells were
trypsinized, washed, added to 100 pL of serum-free medium,
and then placed in the upper chamber of the inserts. H-DMEM
(500 pL) containing 10% FBS was added to the lower cham-
ber as the chemotactic factor. After culture with 5% CO, at
37 °C for 48 h, the cells on the upper surface were removed
with a cotton swab, while migrated cells on the lower surface
of the insert were washed in PBS and fixed with 95% ethanol
and stained with 0.1% crystal violet. The number of migrated
cells was counted under an inverted microscope in five ran-
domly selected fields of the fixed cells.

Scratch wound healing assay
The migratory behavior of treated SW480 cells was assayed

by means of a wound healing assay. SW480 cells were plated
at a density of 8 x 10* cells/well in 24-well plates and allowed
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to grown to confluency. After 16 h of serum starvation
(DMEM-high glucose supplemented with 1% FBS) to syn-
chronize, cells were wounded with 200 pl pipette tip. The
wounded monolayers were washed once with the PBS to re-
move the debris or the detached cells. Thereupon, SW480
cells were incubated with CAF-CM or NF-CM and DMEM
with 10% FBS as control for 48 h. Wound borders and cells
migration were photographed at 0, 24 and 48 h. Next the
images were analyzed using Wimasis WimScratch online
software.

Transwell invasion assay

Transwell assay was performed on SW480 cells to estimate
the effects of CAF-CM or CAF-CM + UCA1-siRNA on the
invasion of cancer cells. Matrigel was diluted in serum free-
cold DMEM medium and 100 pl of the diluted matrigel was
added into transwells containing 8 pm pores and dried out at
37 °C for 4 h. Previously treated and control cells were seeded
into the upper chamber containing serum-free DMEM and
0.5 ml medium with 10% FBS was added to the lower cham-
ber as chemoattractant. Cells were given 48 h to invade
through matrigel then transwells were removed from the 24-
well plate and stained with 0.1% crystal violet. The non-
invaded cells on the top of the transwell were scraped off
using a cotton swab. Cells were counted in five different fields
with an inverted microscope.

Cell cycle assay

SW480 cells were seeded on 6-well plates at a density of 4 x 10°
cells/well. Cells were starved with serum-free media for 24 h and
then exposed to CAF-CM or DMEM supplemented with 10%
FBS (as control). After 48 h cells were harvested, washed twice
with PBS, then fixed in 75% ethanol overnight at 4 °C. Ethanol
was removed from fixed cells by centrifugation. Cell pellets were
stained with 0.5 ml PI/RNase staining buffer (Sigma-Aldrich
Inc.) according to the manufacturer’s protocol. Cells in G0/G1,
G2/M and S phase were analyzed by flow cytometry (BD FACS
Caliber), using FlowJo Software version 7.6.1. The experiment
was repeated four times to ascertain reproducibility.

Data analysis

The GraphPad Prism 5.0 software was used for statistical anal-
ysis. The results were presented as the means = SD for three or
more independent experiments. Comparisons between two
groups were performed using student’s #-test and comparisons
between multiple groups were analyzed by one-way ANOVA.
Unless otherwise mentioned, all experiments were performed at
least three times independently. The differences were consid-
ered to be statistically significant at P-value <0.05.
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Results
CAFs promote cell proliferation of human CRC cell

To determine the role of CAFs in regulating CRC cell prolif-
eration, SW480 cells were treated with CAF-CM and cell
proliferation was monitored using trypan blue staining and
MTT assays at 24 h and 48 h. As seen in Fig. 1, CAFs remark-
ably promoted cell proliferation after 48 h in treated CRC cell.
Whereas treatment of CRC cell with NF-CM had slightly
effect on cell proliferation. We further verified this observation
by cell cycle analysis (Fig. 1¢). Results indicated that the cells
in G1 phase were significantly decreased due to CAF-CM
treatment compared with the control group cells. In addition,
S and G2/M population were significantly increased in CRC
cell which incubated with CAF-CM (Fig. 1c, d), suggesting an
important role of CAFs in regulating the G1/S transition.

CAFs provoke the migration and invasion of human
CRC cell

Transwell assay was used to examine whether conditioned
medium form CAFs could affect the cell migration and inva-
sion characteristics of SW480 cells. As shown in Fig. 2a,
CAFs induced significant increase in cell migration of CRC
cell after 48 h compared with control groups. Furthermore, to
confirm the results of transwell migration assay, we performed
the wound healing assay. CAFs strikingly increased cell mi-
gration of SW480 cells, which resulted in notably faster
healing of the wound in comparison with that of control cells,
which was consistent with the results of transwell migration
assay. The results of transwell invasion assay revealed that
CAFs also raised the number of invaded cells attaching on
bottom chamber efficaciously (Fig. 2b). Collectively, these
results suggest that CAFs secrete some factors which can pro-
mote migration and invasion of CRC cell in a paracrine
manner.

CAFs direct EMT programming genes in human CRC
cell

Increasing migration and invasion features of tumor cells have
been reported to be related to EMT (Epithelial-mesenchymal
transition), which has been shown to facilitate the carcinogen-
esis. In order to assess whether CAFs can affect the EMT
programming in SW480 CRC cells, the expression of EMT-
inducing transcription factors (EMT-TFs) SNAI2 and TWIST
was assessed. Moreover, the expression of epithelial cell
marker E-cadherin and the mesenchymal markers Vimentin
and N-cadherin were evaluated using Real-time PCR or im-
munoblotting. Results verified that CAFs induce the EMT-
TFs and consequently E-cadherin was remarkably down-reg-
ulated, meanwhile vimentin and N-cadherin significantly up-
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Fig. 1 Effect of CAFs on cell proliferation and cell cycle progression
of CRC cell. a Cell proliferation assessed by trypan blue exclusion. The
cells were treated with CAF-CM or NF-CM for 24 h and 48 h and the cell
proliferation compared with control group. Asterisk denotes significant
increase in proliferation compared with control cells. b MTT assay was
applied for ascertaining proliferation rate in SW480 cells treated with
CAF-CM or NF-CM. The optical density of each well was measured
with a microplate spectrophotometer at 490 nm and compared with

regulated at mRNA or protein level in SW480 cells by CAF-
CM, compared to the control group (Fig. 3a). To further con-
firm the role of CAFs in metastasis of CAF-CM-treated CRC
cell, mRNA level of MMPs was evaluated. CAFs significantly
induced the upregulation of metastasis-related genes, MMP2
and MMP9, in treated group compared with control (Fig. 3b).
Our results revealed that CAFs secretome increased the me-
tastasis potential by inducing EMT phenotype and EMT pro-
gramming in treated CRC cell.

CAFs induce UCAT upregulation in human CRC cell

Increasing number of studies have revealed that UCA[ acts as
oncogene and is upregulated in many tumors, which has abil-
ity to influence cell proliferation, cell cycle progression, EMT
and migration of various cancers inclusive of CRC (Xue et al.
2016). Accordingly, to delineate whether CAFs affect CRC
through the upregulation of UCAI, we performed qRT-PCR
assay to investigate the expression levels of UCAI in CAF-
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control group. The optical density of the CAF-CM treated group
significantly increased after 24 h and 48 h. ¢ Effect of CAFs on cell
cycle distribution. CAFs significantly decreased G0/G1 phase
population in CAF-CM treated CRC cell compared with control group
whereas the proportion of S and G2/M phase population significantly
increased and d Histogram showing the percentages of control and
treated cells in each phase of the cell cycle after 48 h. *: P<0.05; **:
P<0.01; ***: P<0.001

CM treated, NF-CM-treated and untreated SW480 cells.
Comparison of expression levels demonstrated significant en-
hancement of UCA I expression in the CAF-CM treated group
compared with the NF-CM and control groups. These results
suggested that CAFs may impact the human CRC via upreg-
ulating the UCA[ expression (Fig. 4a).

Cell proliferation effectors in downstream of IncRNA
UCAT1 are affected by CAFs secretome

To understand the way by which CAFs affect SW480 cell
proliferation and cell cycle progression we investigated the
effects of CAF-CM on mTOR, cyclin D1 and p27 expression
which are downstream key effectors of UCAI. SW480 cells
were treated for 48 h by CAF-CM and analyzed using qRT-
PCR and western blotting. Compared to the control group,
expression of mMTOR and Cycline D1 was significantly upreg-
ulated whereas p27 was downregulated both in mRNA and
protein levels (Fig. 4b, c). Furthermore CAFs significantly
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Transwell migration assay used to determine migration ability of CAF-
CM or NF-CM treated CRC cell. After 48 h CAFs significantly induced
migration of treated SW480 cells compared with NF-CM and control
groups. Cell migration was measured by counting cells per area. b To
assess the cell invasion ability transwell invasion assay was performed.
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Fig. 3 Effects of CAFs on EMT programing in treated CRC cell.
SW480 cells were cultured in CAF-CM for 48 h. a The mRNA levels
of EMT-TFs (Snail and Twist) and EMT markers were detected by qRT-
PCR. b Quantitative PCR analysis of metastasis-related genes, MMPs
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Fig. 4 Influence of CAFs on UCAI1 expression and its downstream
key effectors. a CAFs induced significant upregulation of UCA I in CAF-
CM-treated SW480 cells compared with control and NF-CM groups. b
Transcript levels of UCA1 downstream effectors in SW480 cells treated

decreased phosphorylated p27 level, which was consistent
with mTOR upregulation (Fig. 4¢). Collectively these results
suggest that UCA I upregulation by CAFs modulates cell pro-
liferation and cell cycle progression of SW480 cell through
the activation of UCAI/mTOR axis.

EMT, invasion and migration effectors in downstream
of IncRNA UCAT are affected by CAFs secretome

It was reported that UCAI and mTOR both target miR-143,
which is a tumor suppressor gene and proved to be downreg-
ulated in many cancers including CRC. miR-143 targets
KRAS, an oncoprotein involving in different cancer cell char-
acteristics including EMT, invasion and migration (Shao et al.
2014; Boutin et al. 2017). Accordingly, we evaluated the ef-
fects of CAF-CM on mTOR/miR-143/KRAS axis in SW480
cells. To this end, we determine the correlation between
mTOR mRNA levels and miR-143 expression levels in the
treated CRC cell and control groups. The qRT-PCR revealed
downregulation of miR-143 but upregulation of mTOR and
KRAS in CAF-CM treated cells compared with the control
(Fig. 4b). The upregulation of mTOR and KRAS was ap-
proved by western blotting (Fig. 4c). As Fig. 4b shows, the
expression of mTOR and KRAS was negatively correlated
with the expression of miR-143. Collectively, these results
suggested that UCA! is an important upstream effector of
mTOR which in collaboration with the mTOR, suppresses
the miR-143, leading to rise of KRAS protein.

UCAT1 knockdown confirmed its involvement
in CAFs-mediated SW480 cell proliferation, EMT,
invasion and migration

To further assess whether UCA/ regulates the expression of
mTOR, cyclin D1, p27 and miR-143, we knocked down the
expression of UCAI by siRNAs in CAF-CM treated SW480
cells (Fig. 5). Not surprisingly, our results revealed that silenc-
ing of UCA] significantly decreased mTOR and cyclin D1

cyclin D1
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B-Actin EI
by CAF-CM in comparison with control group. ¢ Protein levels of the

UCA1 downstream effectors analyzed with western blot in both CAF-
CM-treated and control groups. **: P<0.01; ***: P<0.001
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@@ CAF-CM
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transcripts level. Moreover, UCAI silencing was inversely
correlated with miR-143 and p27 mRNA levels. In line with
qRT-PCR results, western blot assays showed that mTOR,
KRAS and cyclin D1 were partially attenuated by knocking
down of UCA ! while the level of p27 protein was increased in
CRC cell.

To verify the effects of UCAI silencing, we evaluated the
cell migration and invasion characteristics of SW480 cells
treated with CAF-CM + UCA1-siRNA or CAF-CM + NC
siRNA by transwell assay. The results confirmed that UCA/
silencing significantly decreased the migration and invasion
of SW480 cells treated with CAF-CM + UCA1-siRNA.
Moreover, UCA1 silencing remarkably decreased the cell pro-
liferation in CAF-CM-treated group as revealed by MTT cell
proliferation assay. Together, these data support the potential
role of UCA1, as a principal regulator for the key effectors of
cell proliferation and metastasis in CAF-CM-treated CRC
cell.

Discussion

Cancer cells go hand in hand with cancer-associated host cells,
which mutually have dynamic interactions within cancer mi-
croenvironment (de Wever et al. 2014). Activated fibroblasts
around tumors, CAFs, are of the most abundant residents of
solid tumor stroma that during tumorigenesis and metastasis
not only participate in constructing a scaffold for tumor, but
also play pivotal role in tumor growth and malignant behavior
(Paulsson and Micke 2014; Gonda et al. 2010). Here we in-
vestigated the impact of CAFs on the cell proliferation and
metastasis of the SW480 cells and explained the molecular
mechanism by which CAFs communicate with tumor cells
using SW480 cell line as a model for CRC. Conditioned me-
dium from direct co-culture of fibroblast-SW480 cell was
used to assess the effects of CAFs on CRC cells.

Firstly, the effect of CAFs on cell proliferation and cell
cycle progression was analyzed. Our results indicated that
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Fig. 5 UCAL siRNA suppressed the expression of the downstream
key effectors in CAF-CM treated SW480 cells. a SW480 cells were
cultured in normal DMEM (as control), CAF-CM, CAF-CM + NC
siRNA and CAF-CM + UCAL1 siRNA for 48 h then UCA1 mRNA
level evaluated by qRT-PCR. b Effects of UCA1-siRNA and
NC siRNA transfection on mRNA level of downstream key molecules.
CAF-CM-treated SW480 cells were transfected with UCA1-siRNA or
NC siRNA and transcript levels of mTOR, cyclin DI, p27, miR-143
and KRAS was evaluated by qRT-PCR. ¢ CAF-CM-treated SW480
cells were transfected with UCA1-siRNA or NC siRNA and the protein

CAFs remarkably enhanced cell proliferation in CAF-CM
treated group compared with fibroblast-CM. Moreover, cell
cycle analysis of CAF-CM-treated SW480 cell indicated a
significant transition from G1 to S as well as an increase in
G2/M phases. Taken together these results suggest the prolif-
erative effect of CAFs on CRC cell.

To explore the impact of CAFs on CRC cell metastasis,
transwell migration and invasion assay, as well as scratch
wound healing assay were performed. We found that
CAFs significantly enhanced migration and invasion of
CRC cell in vitro. To farther investigate the metastatic
effect of CAFs, we examined the expression of EMT-
related genes. The EMT, mediated by various momentous
pathways, plays vital role in tumor migration, invasion
and metastasis. Consistent with the results of migration

@ Springer

,

CAF-CM +NC siRNA CAF-CM + UCA1-siRNA

A% ~ T L 3 CAF-CM + NG siRNA

y—‘ W8 CAF-CM +UCA1-SIRNA

Invasion Cell Numbers Field

an

3 CAF-CM +NC siRNA

’—‘ @B CAF-CM + UCA1-siRNA

levels of mTOR, cyclin D1, p27, P-p27 and KRAS were detected by
western blot analysis. d, e Transfected SW480 cells cultured in CAF-
CM and transwell assay was performed to determine the suppression
effects of UCA1-siRNA on migration and invasion in CRC cell after
48 h. UCA1 knockdown significantly decreased the migration and
invasion in CRC cell. f UCA1 knockdown significantly inhibited the
cell proliferation of SW480 cells compared with NC siRNA group after
24 h and 48 h, as measured by MTT assay. *: P < 0.05; **: P<0.01; ***:
P<0.001

and invasion assays, our findings revealed that the EMT
transcription factors Snail and Twist induced by CAFs.
Accordingly, E-cadherin expression was significantly de-
creased, whereas, N-cadherin and vimentin expressions
were significantly increased, indicating the progression
of EMT by CAFs in CRC cell.

Matrix metalloproteinases (MMPs) play crucial roles in
CRC invasion and metastasis. We showed increased transcript
levels of MMP2 and MMP9 (gelatinase sub-family of MMPs)
in CAF-CM-treated SW480 cells. Collectively these results
suggest that co-culturing of fibroblasts with SW480 cells di-
rects them as CAFs which are capable of inducing EMT, in-
vasion and migration in CRC cell.

To further decipher the underlying mechanism leading to
malignancy behavior of CAF-CM-treated CRC cell, we
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studied the key molecules and pathways, which have been
proved to enhance cell proliferation and metastasis in cancer
cells. Accumulating evidence indicates the crucial roles of
IncRNAs in tumor progression and metastasis. Several find-
ings have revealed that IncRNA UCA/! involves in tumor de-
velopment and metastasis. It implicates in cell proliferation,
EMT, migration and cell cycle progression in CRC and pro-
motes cell growth via suppression of the tumor suppressor p27
in breast tumor as well as the G1/S transition through cyclin
D1 in gastric cancer cells (Han et al. 2014; Huang et al. 2014;
Wang et al. 2017¢c). Upregulation of the oncogene IncRNA
UCA 1 was originally reported in bladder cancer cells (Wang et
al. 2006) and have been proved to involve in cell growth,
proliferation, cell invasion, drug resistance, EMT, metastasis
and regulating the cell cycle progression in a wide range of
cancers including CRC (Xue et al. 2016). Accordingly, to test
whether UCAI involves in malignant behaviors of CRC, we
evaluated the expression level of UCAI in SW480 cells treat-
ed with CAF-CM. As expected, our results indicated that

Metastasis

Cell proliferation

p27 0

Cell proliferation
EMT

Metastasis

Cell proliferation

Fig. 6 Schematic representation of the suggested pathway by which
CAFs induce cell proliferation, EMT and metastasis in CRC cell.
CAF-CM induces the upregulation of UCALI in sw480 cells and leading
to upregulation of mTOR. UCA1 in cooperation with mTOR regulates

CAFs significantly induced upregulation of UCAI in CRC
cell, which suggests a crucial role for UCA! in regulation of
cell proliferation and metastasis in CRC. Moreover, we ana-
lyzed the expression of UCAI downstream effectors including
mTOR, cyclin D1, miR-143, Kras and p27, which have been
evidenced as key players in tumor progression.

mTOR is a proto-oncogene that acts as a central regulator
of pivotal biological activities and tumor progression, which
could be activated by UCA . Accumulating evidence showed
that activation of mTOR plays such a key role in CRC cell
proliferation, autophagy, cell cycle, EMT, migration and me-
tastasis via various mechanisms (Balk and Knudsen 2008;
Faivre et al. 2006; Schwaederlé et al. 2015; Cao et al. 2015;
Fang et al. 2017; Hong et al. 2008; Francipane and Lagasse
2014; Li et al. 2015; Gulhati et al. 2011). mTOR seems to
have a multifaceted effects on cell cycle progression and cell
proliferation. On the one hand, mTOR enhances the cyclin
D1, on the other hand, regulates p27 phosphorylation and
suppresses miR-143. Downregulation of miR-143 as a tumor

Cyclin D1

Cell proliferation

miR-143

Metastasis

downstream key effectors and induces Cyclin-D1 and suppresses p27 and
miR-143, subsequently, directs the cell proliferation, EMT and metastasis
of CRC cell
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suppressor gene have been reported in CRC (Slaby et al. 2007,
Akao et al. 2010; Kulda et al. 2010). Here we showed that
CAFs-induced upregulation of UCA/ is positively related
with upregulation of mTOR in both mRNA and protein levels,
which suggests that UCA/ as an upstream effector regulates
the mTOR expression in CRC cell. Besides, mTOR phosphor-
ylates and suppresses p27 protein via both Akt and SGK in
cancer cells (Hong et al. 2008; Hollander et al. 2011; Faivre et
al. 2006; Toker 2008). On the other hand recent studies dem-
onstrated that UCA [ plays key roles in cancer cell growth and
proliferation by suppressing p27 and promoting the expres-
sion of cyclin D1 (Huang et al. 2015; Hu et al. 2016; Wang et
al. 2017c¢). In line with these findings, our results indicated a
positive correlation between expressions of UCA//mTOR and
cyclin D1, and a negative correlation between UCA{ and p27.
mTOR upregulation was also negatively correlated with phos-
phorylated p27 (p-p27). These results suggest that activation
of UCAI/mTOR axis by CAFs regulates the p27 and cyclin
D1 in favor of the cell proliferation and cell cycle progression.

KRAS plays major roles in adenoma to carcinoma transi-
tion (Fang and Richardson 2005; Michor et al. 2005; Chen et
al. 2009) and has been evidenced as a driver of invasion and
retainer of metastasis in CRC (Boutin et al. 2017). Recently,
tumor suppressor miR-143 was reported as a significant in-
hibitor of KRAS in CRC tumorigenesis and prostate cancer
cells (Chen et al. 2009; Xu et al. 2011). In addition, recent
studies indicated that mTOR can repress and directly interact
with miR-143 (Li et al. 2014; Tuo et al. 2015), and eventually
restores the expression of downstream effectors including
KRAS in CRC cells (Chen et al. 2009). In agreement, our
results indicated an inverse relation between the mTOR and
miR-143 as well as miR-143 and KRAS expression levels,
suggesting that upregulation of mTOR leading to suppression
of miR-143, which subsequently reinstates KRAS mRNA and
results in upregulation of KRAS. While our data suggest that
mTOR directly suppresses the miR-143, a recent study sug-
gested that UCA also directly suppresses miR-143, highlight-
ing the important role of UCA //miR-143 axis in breast cancer
as well (Tuo et al. 2015). In line with this study our data
demonstrated a negative correlation between UCA/ and
miR-143 as well, which provides another evidence that be-
sides mTOR, miR-143 can also be directly targeted by
UCA1 in CRC (Fig. 6). EMT have been considered as a vital
phase for metastasis in various tumor cells (Kudo-Saito et al.
2009). Previous results, as also demonstrated here, showed an
association between UCA/ and EMT markers (Cheng et al.
2015). Consistent with these results we showed that CAFs-
caused upregulation of UCAI, regulated the expression of
EMT-related markers and might induce EMT.

UCAI silencing was performed to determine whether
CAFs impact CRC cell through the upregulation of UCAI.
We found that knockdown of UCA! remarkably increased
p27, miR-143 and decreased mTOR, Cyclin-D1 and KRAS
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mRNA and protein levels in treated CRC cell compared to
control. UCAI silencing results, suggested that effects of
CAFs on the expression of downstream key molecules are
mediated, at least in part, by the upregulation of UCAI. To
clarify the effects of UCA! silencing, cell proliferation, inva-
sion and migration of the treated CRC cells were also evalu-
ated. These experiments confirmed that CAFs affect migra-
tion, invasion and cell proliferation of CRC cell through the
upregulation of UCAI.

In conclusion, our study indicated that CRC cell activates
fibroblasts as CAFs and in return, CAFs secretome promotes
cell proliferation and metastasis of CRC cell. We showed that
CAFs induced the oncogenic effects of UCAI in CRC.
Moreover, UCAI and mTOR induced cyclin D1 and sup-
pressed miR-143 and p27. Our findings provide a significant
prospect that CAFs served as an inducer of UCA1, which in
cooperation with mTOR regulates the downstream key effec-
tors of cell proliferation and metastasis in CRC cell.
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